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Symmary

There is a lot of information in this booklet, and, if you have not had much exposure
in some of the areas covered you may find it overwhelming at the first reading.
Please keep this on hand as you can refer to it in instances where you need to review
material or apply it to your responsibilities at your station's centrol point. When you
understand the basic information presented, you will be in a better position to know
what both your station and the Federal Communications Commission expects from
you as a Control Operator. Your performance will be judged based on your ability to
carry out your responsibilities both in the areas set forth here as well as other areas
relating to the Master Control Room.

You will find that both your Station Manager and Chief Engineer will be more than
glad to work with you in trying to identify areas in which you are having trout*!
understanding or otherwise having difficulty performing your assigned duties. They'
will do their best to assist you in getting your knowledge and skills brought to your
station's standards so that both you and your station can benefit from your training.
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Appendix A

"Some Questions and Answers About Television"
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SOME QUESTIONS
AND ANSWERS
ABOUT TELEVISION

". /

a RATING VIOIO SIGNALS

1. How ~ I."....__ wort?

A. In I mOftOCftrome camera. ttle 'enl forms III optICAl
image on tM ltf'IotOCOftCluCtive layer of t". 'ICaPlate of
In elactron tUlle. InllCte the tulle • lI'Iarply foeUNd ...",
of electronl il d: lvet! /Me. ancr fortl'l ,n I ICInning ac
lion. conweftlng .,anatlOM in lit"t Ind ,,,.dow in tM
olltlcal image into .,.,..tiOfta In II'le eleCt"cal output of
til. l"tle - i .•.. 'ItdeO 119~ (Me "umlle, . ColOr t....
""Ion came,.. ,,," til,.. tut\es 10 pro."de ~. g,..",
InCl blue IIgnal outputl,ln':llOmetlmes I fourm tutle ttllt
Cl'OCluCII • luminance $.gnat.

r,

THi VIDiO SISNAl PRODUCiD BY SCANNINS
ONi liNE OF AN IMASf......
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A. The electrical output of a television camera lube is
i(nown as a video signal. It consists of variations (with
!Ime, in electrtcal voltage corresponding to variations
(In space) in the tonal scale from black to white in the
optIcal images tormed by the lens on the faceplate of
1M camera tube. The video signal at the camera output
falls to Its lowest level as the scanning beam traverses
pIcture shadow areas and rIses to maximum In brtght
n 'gnhgt1t areas.

I He '(/lItU ~'JGNAL PROOUaO BY SCANNINI;
ONE LINE OF AN IMAGE-.....-
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A. At the base of the camera tUbe there is an electron

gun in which a he.ted element gives oft electrons. These
tiny electrical charges are focused by an efectrooptical
lens into a fine spot at the faceplate. An electrooptlcal
lens uses electrostatic and/or electromagnetic fieldS to
cause the electron beam to diverge or converge In a
manner analogous to t"e effect of an optical lens on
light rays.
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,. How d04S the ac.nninQ Iction tl•• pllc.?

A. An electron beam can be deflected from Its normal
path by using magnehc fields. Surrounding the camera
lube are COIls of wIre. Electrical currents In these COils
produce magnetIc fields by whIch the electron oeam IS

dTlven back and forih (hOrizontally) and up and down
(vertIcally). By properly liming and synChronIZing the
electrical pulses applied to the colis. the electron oeam
can be made !o scan or trace out a rectangular pattern
called a raster.

~......i. __

A
Current
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Into wkIeo -'tnal.?
A. There Ire severll types of television camera tubes

'with' different characteristics. The simplest type ot tube
is the vidicon. consisting mainly of an electron 9un at the
blse. and a faceplate at the front end. coated on the
inner surface with a transparent signal electrOde and a
photoconductive layer. When an optical Image is pro
lected onto this layer. an electrical charge pattern IS

created. As the electron Deam SClns the rear side ot the
layer. electrons are taken from the beam in relation to
the charge pattern. and flow out of the signal electrode
as a tiny electrical current. This. current torms the
video signal.

Signal Plat.

Photolay.,

rHE VIOEO SJCNAL PROOUCEO BYSCANN/~

ONE LINE OF AN IMACE.....-..-
scan
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The Interlaced Scanning PatternTELEVISION SCANNING STANOAROS

S. How long doe, II lIll' tor I". ,l«lron o.lm 10 ~n
ltM 09UcaI Iml'.?

A. ,n me No'!" Amerocan :elevls,on syslem there
are 30 complete frames per second a frame being made
up of 1"'0 Interlaced fieldS- In eacn''!me t"ere are 525
nOrlzOntal scanning lines Tne scanning beam fl~1

traces out all of me odd-numbered Itnes $III1,n9 at me
top of tl'le picture: t"en !I'Ie beam IS driven OICII to t"e
top of the picture to rrace Out me even-n"moered Imes
The rime reQulreo to scan one "orlzontal line. Including
retrace. 1$ 63.5 microseconds. ana a complete frame 1$
scanned In 1/30 Secone

'0

A complete picture IS leen only when two conlecutive fieldl Ip~lr. inter·
laced. on the picture tube screen. When two consecutive fieldl hive been
tranlmitted. a Irame has !Men transmitted. The presenution of the individual
field content in terma of rows of picture inform&tiotl ia illustrated !Mlow.

To lean I complete field conlumes 1/60 second. Thi, il true in the c:a.mera
tu!M and It the receiver picture tube. Bec.aule a frame con,istl of two Midi.
tbe total time lapse for a frame il 2 X 1/6Q lecond. or 1/30 ..cond. These
time intervaJa IU very important for &even I reaa.ons which Irt dilcussed
liter. In the melntime we Ihould .nlwer 3 question which no doubt hal
riten in your mind. If IIch field il transmitted leparately how cln the
viewer M. I complete picture correspondin( to a frame? The anlwer is
found in a characteristic of the human eye Ienown II ~uisfence 01 vision.
The brain Mm.moriul" the first field. and beC.luse the two consecutive fieldl
follow elch other in such. rapid sequence. the brain I"S I complete frame
or picture inltud of two sepArate fields.

Persistence of Vision
Mov,. v,."".' Actually S•• ,

On. 51.11 Fram. AI A Tim....

BUI G." Th.

I"'pr.".on Of ~O"o~ Fro,., S... ,n<;l
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EVEN FIELD

I

•

E~c" Field I~ r-hde Up Of 262. S SC2nning
,/",,------

~•• ,
,u•• i'II

ODD FIEUl- --__ J

Line$
us
-;.-- - -

-

•
Tile plctur. conl.nt of 1M

odd-nulllbel'9C1 ro.. II' KaNWd

then U. piclun COftI"l of 1M
.".n-numbel'9C1 rows Is Kannf'd.

ODD fIk LD n'ES FIELD COMPLETE fR .....

1. lnrnlac~d Scanning. All odd-numbered lines are scanned as a group
(a field). then all even-nur.1bered lines. The first and last lines of each field
are only half-rows: interiacing begins here. The complete interlaced scan
of two consecutive fields (the first :,eld in the viewers eye by persistance
of VISIon) produces an Intelligible p:c!ure.

t. Why • ..,,'t the lrame rII.. lncreaMd to to pet Meoua.
I_Met of ~ng 30 rr.mee wfttI two .....1

A. Increasing the trllme rate to 60 per second while
at the MIM time retaining the detail-producing ability of
the Iystem woold require doubling of the picture fre
Quency bandWidth to 8.5 MHz.

t. How an a~ ".... be dftided Into two .....1
A. ~ch television trame con,ilts of 525 horizontal

scanning lines divided eQually between two fields. The
Itrst field. of the 262''''' Odd-numbered lines, is designed
to finish at the bottom and halfway across the picture.
The scanning beam IS then returned to the top center of
the picture so that the even-numbered lines of the sec
ond field are displaced halfway between the Ii~ of the
!irst field.
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HUHIlONT,\[ ~AWToonl

nJHH~ 1"T

TELEVISION RECEIVERS

10. How doe, the '.'.'f'"on r~el'fer wont?

.:.. -"'e :::;,c~ure alSOla,.. tu:e 1("' a ."rtonOC!'1ror."'e recelyer ....

::,~.e~s 'r"c::;mlng video slgr"a! .aflallons Ir"to variations
... ,gnt ana sl1aaow to recreate :l1e optical Images from
:"'e teleVISIon ::ame!"a T"e Ojc~ ... re !uOe contains an elec ..
'0:" gu," at :l1e :lase. wn,,~ Ine ,r"ner surface of ene ruOe
'3:e '5 coate:= wlfn a Of1OSDf"'lQ" lave" --hiS ;ayer gIves otf

-; .... Nne'" •...,ol? scan"'I-; :J<ear- s:rlJ(es l~ 7"e ¥lceo 51g-
-a 5 ':IClC,e~ ... : ~l r"'e anfe~~a ar~ 3,"·nOldle~. ::r:JCessed.

~,.... ::: ..... ~I"'- a:::teC ~':) ~~e e!ec:ro!"'\ ~un causIng ~!"':e ~r:~er:~

s.:, of Ine scanning beam to vary as tile lines anCl fields
aoe :::e,ng traced out SynChroniZIng ;:>u1ses transmitted
.... t•., rl'e picture Signals keeo rile scanning oeam In Ine
°ece,ver ,n step wltn Ine :learn trlat IS traCll'1g our In'!!
raster In tne camera. In a COlor receiver. tne picture dls
:Iay ruoe contains three ele:lron guns for tne red. green
a"o blue components ot ttle COlor pictures. and Insteao of
a single Pllosonor layer. tile ,nner suriace of tne luoe tace
IS coaled wltll large numbers ot tiny pnospl1or or:',S
giV,ng off reO. green. and blue i1gnt. A tn,n metal 'naSK
mOunted close !~ !"'~ !~i'er ;;~ -:-otor pllospno':; makes
cena,n Inat tne electron beams trom ;~:; lnree guns
str'Ke only Ine corresponc,ng p/'!ospnor Clots AudiO
Signals transm,tted along Wit/'! tne picture SignalS are
seoarated In tile receIVer and apPlied to a 10uOspeal<er

7 7 7' 2' 7 .
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nin~ beams?
A. The pulses from the synctlronlzlng generator ha~e

diHerent shapes and Widths. Al the beginning of e~ery

hOrizontal scanning line there IS a square pulse abOut 5
microseconds in duration. This pulse triggers the "'Orl
zan tal deflection oscillator in the receIver and causes the

scanning beam to sweep back and forth across the phos
phor layer at the rate of '5,750 times per second. At the
end of each field scan - that .s. 60 times per second 
there IS a vertical synchronizing pulse with a width equal
to three horizontal line periods. During the vertical
blanking interval of 20 horizontal line periods. the action
of the scanning beam is suppressed by a blanking pulse
while the beam is being returned to the top of the picture
to begin the tracing of the next field.

A.cld1D.q the Sync Pw... to the Video Siqnc..
Heconstruction of a television scene or. ' - ~ i. ~ e~:: :;: a monl tor or receiver
picture tube requires that the electron ':>ea:-:-.. :1 ~nlS ~ube descri~ exactly
the ume horizontal and vertiul motions as do~ the electron beam in the
camera tube. It il not enough for the two ~ur.s to mo·..e under the influence
of deflecting currents of identical freque-:c~ ~he current variationl mUlt
be perfectly in step with each other.

...

The.e I*e fr~ue"cy-d.flecti"g

currents ar. NOT i.. Itep.

i~;'=17: ~ .
I I I I

I~{t I left I leU '
I I •

, rlPl I rtCnt I rtlJrt

.;'tt'IV~.~._Ir;, .'
picture left I Iltft . I

lllOe . I I I I

BEAM MOTIONS IN CAMERA AND PICTURE TUBES
The two beams must change direction at :ne ,a;-:-:e :nstOlnt. and must reach
their minimum and maximum value5 tn S~~:: Wet!! each other. If the two
beams do not move in synchronism an unln· ... ::r;:bie picture will be recon
structed. To assure perfect reconstruCI:C~ t:-:e televised scene, the
vacuum tube generators that supply t~e " . : ,;-'a: and ':er~lcal deflection
voltaces to the deflectln~ coils in the CJ- .. ~ ,~d :~ose :n the receiver
which produce the deflectIon voltages for I;' '::'.f: C'J:I~ of the picture
tube. are synchronized by voltage pube, . ro~. . ne same source-
the pulse generator at t1e transmitter
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HDriz'.lIttl/ SYIIC

A. At tne television s~ation "".ere programs
originate tnere is an elec~~onic device
called a syncnronizing generator. This
device puts out a continuous stream of
accurately timed and shaped pulses tnat
control ~ne electron beams in :ne station's
cameras. These puT ses are then added to
the video signals from tne cameras for
transmission to tne television audience.
In the receivers tuned to this station the
pulses are separated from tne picture
portion of tne incoming signais and control
the action of the scanning beams in the
picture tubes.

Vertictl! Sync

SyncluonllatioD

I' is essen'ial ,ha' 'he Transmitter', Camera Tube
Scanning Beam

and 'h., It.ceiver's

Picture Tube

Scanning aeam

move ptecisely in s'ep

Horizontal
and

¥ertiei Sync

L
o
s
S
Of
S
Y
N

the sc.nnine beam in the picture tube must mo.,. preciselyCin step with the scannine beam in the camera tube. The sweep OIeinators
in the receiver develop SWftp voluees that can move the rec.i.,.r picture.
tube electron beam at Ipprozimlr~/y the correct rate in each direction. But
.pproximateiy i. not eood .noueh! The beams in the recei.,er picture tube
and in the transmitter camera tube must move .z.cr/y in step. To achieve
this, the picture tube beam movement is placed under the control of the
transmittine scannine system. The control is maintained by trice.rine
or synchronizine pulses which Ir' received from the transmitter. One is the
horizonrlll synchronizing or sync puls~; the other is the vertic.1 sync pulse.
There are also ~qull/izing pulsu. They are all part of the modulation. tMt
is superimposed on the picture carrier at the transmitter and they appear
in the sienal output of the video detector.

057~9 'l
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S"{;.: f':Jlses ar~ ~: :ws .r.- .... ~

);"': .. ~: :isc:..:ss ~:"':.:~' :~e "j;"- :;:~:::

::10Ve~e:1t of the oeam,

c--::~:a, a~.:: '1er~lcal. At this time we
~; :';.5e , ... , :5 ~elate::: :0 the horizontal

-:-:-:e .-::;:'":zo~~a; sy~c ?u15e ··e:-:
::s ?c.,;jj;::y :s ~~e s.. :-r.e is ·.-.a: ::.
-e 'i~~;. 'i.hor:~y ::-:e sy:'"',: ::~ s.~

'i~::J:"'J'.~;; :' .. ::;~. • ..... e :::c::"::",,,,,,c;""]

a::::eJ~ ::):~::~e~:,J.:'/'.v::~ '-~ 3:'"

'5'.'')~~- .:; :;::::a:~ :~e -,..:~.:; ..

c~.""e:'" "":0"':-::::S :~e :;::';,~:J~.~

:: .... ':--,,:" --.Gsa ::

-.a"'."",,· :: '.u:~ for only 5 ~icro1econds.

,~' ·or::::~: •. jianlung pl:ise. for as will
.. ~ ::ce :;ankir.g p·~.se e:ubling its

:~ :-e:eIVer. The :J~:se is timed to
a . '~' :eJ~ at ~he er:d of its horizontal
':'~.. -.~ .-':~ .:::::~:al de~e::~or. generating

". ':cr::::,.,:aJ sca~.~l"g cycle. In
=~:~~': -:: ::-.e end 0:" e'3ch !":orizontal

.. " :::c:ure :~::e IS :Jositioned
"'. -, ............ 7"'.:·-::r:":"'.auon b~i~g

- ,~e :e:o:ical position
.1 ;:~ '~3~ ~~e :est~nation of
""':':' ~~:~~ve:'" as a p,art of the

:~~-:r":'"':::::'" sy~~e:;,.



Adding the Horizontal Sync Pulse (contc:il

Each hOrizontal sync pulse is timed to appear just slightly after the su:-:
of the IO-mlcrosecond horizontal ~!ar.k:ng pulse which appears at the ~d
of each horizontal scan. Having a durat~on of only 5 microseconds. the sync
pulse ends before the blankIng pulse Therefore. the sync pulse occurs
within the duration penod of the blank:ng pulse. By making the ~ilK

blanking pedestal
blanking pulse

amplitude of the sync pulse greater than that of the blanking pulse. the
sync pulse extends beyond the blanking pulse pedestal when the two are -;
seen together. This makes it possible to "clip" the sync pulse off the blanking
pulse pedestal in the receiver and to use it as a timing signal. Also. bec.uu
the sync pulse extends beyond the black level set by the blanking si~l

pedestal height. the sync pulse signal is said to be located in the "blacker
than black" region of the picture signal.

·-~~,~~:~r>'"'.'~~::tt·:·.:~1~:·· .. ,_""

~~~: THEN HORIZONTAL SYNC IS ADDED
7i;~~;~;~j]}f:i.: •.':i1~?::" 2~';;::·;~::,,:ZQ~?£~2_.::'

l·
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AddiDc; the V.mcal Sync Pulae

It is not enough that the receiver picture tube beam move from side to side
in synchronism with the camera tube beam. The two beams must also move
in step in the vertical direction. To make this happen is the function of the
vertical sync pulse. which. like its horizontal counterpart. is used in the
transmitter. and is received as part of the picture signal. In both the trans
mitter and the receiver the vertical sync pulse is applied to the vertical
deflection generator where it triglers the sudden reversal of direction of
the vertical deflection current. In so doing it starts the scanning beam
moving upward at a particular moment in relation to the overall scannin.

I

!+-
,

= 190 ~sec ~

o - the VERTICAL SYNC PULSE
1'----- VERTICAL BLANKING PULSEL '"~ I dur:ltion = 1. 250 ~ee

" t>~ ,-~~
.,...:'......

.....~..
-

VERTICAL SYNC PULSE

000 Fl'E:LD

Pulse 1.250 usee

EVE'N nEW

".
STARTS

file VERTICAL RETRACE in EACH FIELf)

The vertical retrace action of the scanning beam occun once in each field;
when the beam. having scanned the bottom horizontal line. is ready to move
to the top of ~he scanned surface and begin scanninl the next field. The
vertical sync pulse appears every 1/60 sec or 60 times per second. The pulse
interval is 190 microseconds. This makes it a lonl-duration pulse in com
parison with the 5-microsecond horizontal pulse.



Addinq the Vertical Sync: Pulse-::::::.. ~c.

The beam moves upward, 6u~ :-:c~ S:-2:~-:-:' '-":J: :~ z:g-zags from side to side
because of the action of the ::::;~:ZC:-:'3 ~e"ect::-:g :=:eld which is ever present
in both the camera tube anc: .~. ·.~e ~e :e·.. e~ ;:;::~I.:re tube. This movement
must occur if the beam is tc 5:a~: S,:3:-::i::1g :-:cr:zontally the moment the
vertical retrace is completec .-.- ~ :-:ie::IO~, each beam must be at its
correct location-the car.:e," . ;::e ea:-:- ,eacy :c stan the development
of the picture information for :,ar.S:--.SSiC~ a:-:d :~e receiver tube beam ready
to reconstruct the picture. For bot:": ',-e :3:71'''a ~-.;:;e and the receiver picture
tube, th; moment when retrace beg:"s n ea"h fieid is extremely important,
Eact: must begin at one precse i,,, tan': f correct interlace of the two
fields is to be accomplished. For :r.is ,eason, and also to make certain
that the horizontal syncing IS contir'-"ous, the vertical sync pulse is notched
or serrated: another train of pulses calied the equalizing pulses is added
ahead of and after the vertIcal sync :Julse.

START C FOOD

FIELD RETRACE ML-5T BE PRECISE'.

The Vertical Retrace

Moves

From

" END

a a.nd a' are at tile center
b and b' are at tile corners

START OF EVEN
FIELD RETRACE

MUST BE PRECISE

Side to Side As The Bearr Climbs Upward

You will recall the statement that tnere are 262.5 horizontal lines in each
field. The simplified presentation of the odd and even fields showed the odd
lines numbered from I through 525 and the even lines numbered from 2
through 524. Obviously the vertIcal retrace period of each field must con
sume some of these lines. ThIS happens. but it is not necessary to again
present the organization of the lir:es ir: each field. We simply accept the
fact that about 20 lines per field a-e I~active because of vertical blanking.
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CompletiDQ the Vertical Sync Action (Equalizinq Pula••)

The description of the vertical sync actIon is completed when we add the
~qualjzjng puls~s. They appear as two trains of six pulses uch in each
:ield; one train timed to appear just before the vertical sync-pulse interval
and one train immediately after. They have the same polarity as the vertical
sync pulse, but are unlike the latter in that they are short duration pulses.
They, too, are formed so that the interval between two adjacent pulses
corresponds to a horizontal scanning cycle. thus providing the equivalent
of three horizontal sync pulses immediately efore the vertical retrace
appears. and three horizontal sync pulses immediately after the vertical
sync pulse. In this way they keep the horizontal deftection generator on
frequency during the period when the vertical deftection generator is being
made ready for the reversal of the direction of the deftection current. This
is the initiation of the vertical retrace.

...------- VERTICAL BLANKING -------..

No,. I .... '. at. ,.....Qual,zing pul,., lor one fIeld onl., . ,.... odd Ii". li.ld

...l.e. con.., ... wHh vertical .yn~

horizontal aiync
pul..s (ollow

last equaliZing
pulse

I
I ">I ..

~I 0.
J
I
I /1

I I

: equalizinc:
.~ pulses ~

Urne of
1 complete :. verUcal sync

hortzontOlI cycle I puh.e interval
t I .'4

- _....I.I I

complete chain of

+

I

:.-equalizing :
\ .. pulses--',

Ume of 1/2 horizontal cycle

I,
I....

....

The "get ready" interval is required because each field contains a half-line.
The instant of triegering of the vertical retrace action of the odd line and
the even line fields differs by a half horizontal line. The last horizontal
line in the odd field ends at the center of the bottom edge of the surface
beine scanned. -completing the last horizontal line of the even field which
ends at the rieht corner of the bottom edge. The equalizing pul.es in each
field take care of this time difference and trigger the vertical retrace of the
successive fields at the proper moments so that correct interlace of the
horizontal scanning lines takes place.
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The Serrated. Verticcd Sync Pulae

~:,lhen thinking about synchronizing the vertical deftecting system of the
receiver and the camera tube. we should not lose sight of a similar need
for synchronization in the horizontal deftecting system. The simplified
version of the vertical retrace shows it as an instantaneous movement from
the bottom edge to the top edge of the mosaic. screen. or target. Actually
it does not retrace this way.

Popular or simplified version

of th. v.rtical sync ''II.
Technical or actual version

of th. vertical sync pul..
.,-

THE VERTICAL SYNC PULSE-IS

NOTCHED SO AS TO CONTINUE

HORIZONTAL SYNCING

TIle time intenal
between each two
pulau ts the same

• between
bDr1sG8ta1 ')'DC

puLM. a. 5 ~NC.

..;

To maintain horizontal sync durinc the presence of tb. vertical .pc p....
in each field, the pulse is notched or sernted. Thi. r.fonDII the siall. 1-e
pulse that we illustrated 'into six like pulses of compantivel" loal duratioD
with short intervals of no sync voltace betw..n. The MnatioDS .. polIi
tioned so that the time interval between the leading edles of eada two
adjacent notches is the same as between two adjacent boriaonw.".e pal...
In this wa" the horizontal deftection cenerator..is lubjected to tb,... bori
zontal sync impulses during the time when the vertical lynC puIM il acti.e
in each field.

The vertical sync pulse on the vertical deftection generator is not impaired
by the short intervals when the sync voltace falls to zero (the notdan).
Vertical Iyncing behaves as a constant amplitude pul.e. A. will be lbown
later in the courae, the receiver system distinguilh.. between the horizontal
and the vertic:.a1 .ync pulles due to the difference in duration and voltale
intervall betw..n these puIs... (You can lee thil difference for younelf
if you compare the above notched vertical sync puis. with previous illultra
tions which Ihow the horizontal sync pulses.)

Sen8ting the verticals,,"c pulse does not in any wa" chance itl relationship
to the blankinC pulse on which it rides as illustrated in the precedinc draw
ing. Everything said before still applies.
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The Compode VIdeo S1I;Dal

The addition of the horizontal and vertical blankine pullel, the vertical
sync pullft. ud the two trains of equalizinc puls.. to the picture sienal
produce. what is called the composir. vid.o silnaJ. Thi. i. tbe .ipa! output
from th. video ampUfiu at tbe traumitter. and is used to amplitude
modulate the picture carrier. Since the process of compolite lirnal trani
mission is continuous al lonr u the tranlmitter il on the air, any linr1e
train of sienals may repr...nt a ....rt period o.f transmi..ioD without
recard to the fielel. or portiOD of tbe field, that is !leilll u......ut'hd. Wll....
the contrary i••,.cifica11y indicated. W. Ihould alao meatioD tbat it il
customary to s)'lDboUze tb. ..ftform of the picture content between
boruofttal blaakiaC p1l1aes by the UN of jareed liD••

] \/+If +nr+1Jllli+ill
P'Ct",.
S'9no l

alonain9
Volto.e

Horozonlol
Sync

Ve,hcol
Sync

' ..
Another point whicb Mould be raefttioned is the polarity of the composite
video aieftal. Our dlscuuion 10 far .... been CODCerfted witb aepdve
polarity slpal. aJthourh the ilIUltntion of the compKlte .ipa! i. mort
often one of ,..itive polarity. Th. '",c pull' peaar, are the birbelt sipal
levels and the wbite content of the picture i, the lowest ,Ipa! level.
Howeftt. the lowest peak ,ienal 1...1 i, net equal to the ..ro 1...1 of the
sirnal UMcl for modulation. The FCC and industry ltudardl let the
whitest lirnal at 5e;. to 10% hieher than the camera's wbite output.
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-ow .......... v, • sl'9nl fcs-upurment

of the vertic21 hold control

Ii

.,.,.... at 1M MtM dme I' the pk:tun ••NI"?
A. Th.. pulses occur in the periods between lines and

'fietds when no picture information is being transmitted.
In some receivers the venial blanking interval can be
seen by adjusting the vertical hold control until the
picture begins to roll over. In this wlY the portion of the
scanned area normally hidden by the mask can be made
to appear in the picture area.

Lower hol~

of picture

UPOer half
of picture

' ..

HIiDItaI
III

Vertical SJIC
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AddiDq the BlcmkiDq PulM. to the Picture Slqnal

To display the picture on the monitor screen and eventually on the receiver
tube screen without showing the horizontal and vertical retrace motions of
the beam. horizontal and vertical blanking voltages must be added tp the
picture signal. These pulses must appear in the same time sequence as the
horizontal and vertical retraces during scanning. To assure perfect timing.
blanking voltages are supplied from the pulse generator through the blank
ing amplifier in the control room. the same source which supplied blanki:::
voltages to the camera tube.
The blanking pulses are ot negative polarity. Their amplitude varies between
~ero and a sllitabl,. rf'''k value which e~ceeds the peak amplitude of the
sirnal corresponding to black In th~ :mare. Also. they are of two different
durations: the horizontal blanking puIs" have a duration period that is
only a small fraction of that of the vertical blanking pulses. The puls.. are
generated ·as a continuous train and follow each other in the same sequence
that patterns the beam retrace intervals during scanninr. Since there are
many more horizontal than vertical retrace intervals in a field. there are
many more horizontal than vertical blankinr puls.. in tbe train. In this
regard we should clarify a point. Horizontal blankine in a field berins after
the fint 7 to perhaps 12 borizontal lin.. han been scanned. and ends when
about 2 to" horizontal lines remain to be seaaned. The reuon for the delay
in Itarting the horizontal blankine and for endine it.. before the field is
completed is the vertical blankine pulse. Because of its time duration it
starts before the beam is at the bottom of the came.a tube mosaic (or target).
That is when about 2 to .. horizontal lines remain to be scanned in each
field. his active durinc the Intire vertical retrace and remains active during
the scanning of the fint 7 to 12 lines of the next field. Startine early and
endine late is insurance that the much slower vertical retrace will not be
visible on the picture tube Icreen. We should emphasize that the action
of the vertical blankinc pull. durinc the period just d..cribed blanks the
two croups of horizontal lin" as well as the vertical retrace. Picture infor
mation is not delivered by the camera tube while vertical blankinc is acti.,..

..;

THE TELEV'''ON WAVEFORM

1•• WNt .. lM..t by btaMlftt?

A. e.lanting is tM proceu of rendering the scanning
bam Ino~rative so thlt it will not be Men during the
retrace periods. Horizonta. Ind vertic:.l blanking pulses
cut off the sc:.nning beam u it is moved from right to
left tor eacn line. and as it trlvels from the bottom to the
top of the picture after eacn field. These pulses are In
serted in the composite video signal at the tranSmitting
statlcn.

Ii
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A. In a composite video signal. blanking level corre

~~;onds with zero signal level. Below this level. in what
might be termed the -blaclcer-tnan-black" or negative
direction. are the sync pulses; above this level. in the
positive direction. the picture signals appear.
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• w. n n4lL melnoa IS usea to aa,ust the signals to the 
proper levels?

A. The picture signals and the sync pulses can be dis
played on an oscilloscope as video waveforms. An
engraved graticule attached to the face of the oscillo
scope has a scale divided into 140 Units. with 100 unitS
above zero (blanking level) tor the picture signals. and
the remaining 40 units below the zero line for the sync
pulses. An oscilloscope used in thIS manner is l(nown as
a waveform monitor, and the graticule scale IS specified
m a standard ot the Institute of ElectrIcal and Electronic
Engineers (IEEE): It is customary to refer to video signal
levels as so many IEEE units above or below blanking.

• Form."y InSflllI:e 01 j:lad,o En;,n""s; now called InS/'lule 01 Elec"'cal
ilnc Eiectro",c e"9,""r,. 345 ,::":n S""t. Ne... Yoril. N 'I' tOOl:"

•
o-..... -••

W.....form Monitor
(Shown without sync pulses or setup.)

40

_ ...._ WthleL_1
-100 ...,
-80 I.J

T-60 ,

-40

-20 81.«:0 .._1 _
SetuCl_- --il,...

7'~ IEEE Unll.T
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....a...elorm GrallcUle Scale wlln Smgle irace
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